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, $Re=125$ ( 1990)



















, ( $\mathfrak{l}\mathrm{I}$ )















. $x$ , $.y$
, $z$ $x,$ $y$ $(x, y, z)$ .
2 , $y=+h$ ( $y=-h$) $x$
( ) $U$ . $h$ ,




$\tau_{w}$ ( ) .
.
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla p+\frac{1}{Re}\nabla^{2}u$ (1)
. $u=0$
. $u=$ $(u, v, w)$ , $p$ ,
$u(y=\pm 1)=\pm 1,$ $v(y=\pm 1)=w(y=\pm 1)=0$ (2)
19
.
$(u, v, w)=(y, 0,0)$ . , 3
(1990) 3 ,
( $L_{x},$ $L_{z}$ ) , 2
$(u, v, w)(x, y, z)=(u, v, -w)(x+L_{x}/2, y, -z)$ ,
$(u, ?f, uJ)(x, y\dot, z)=(-u, -v, uf)(-x, -y, z+L_{z}/2)$
. Coughlin,
Jim\’enez&Moser (1994) (2001) . ,
,
(1) $y$
$( \frac{\partial}{\partial t}-\frac{1}{Re}\nabla^{2})\omega_{y}=-e_{y}\cdot[\nabla \mathrm{x}(u\cdot\nabla)u]$ (3)
. (1) 2 (2) , $y$
( $\frac{\partial}{\partial t}-\frac{1}{Re}\nabla^{2}$) $\nabla^{2}v=\epsilon_{y}\cdot$ [$\nabla \mathrm{x}\nabla \mathrm{x}(u\cdot\nabla$ )u](4)
. $\omega\equiv\nabla \mathrm{x}u=$ ( $\{v_{x},$ $\iota v_{y\dot{\prime}}\omega$z) , $e_{y}$ $y$
. , (3), (4)
$\overline{u}(y, t)$
$\frac{\partial\overline{u}}{\partial t}=-\frac{\partial}{\partial y}\overline{uv}+\frac{1}{Re}\frac{\partial^{2}\overline{u}}{\partial y^{2}}$ (5)
( $\overline{w}=0$ ) $\overline{(\cdot)}$
- (3), (4), (5) , (2)




, (y) . ,







$\psi 2l+1$ $(y)=T_{2l+1}(y)+$ M $(l^{2}+l-2)T_{1}(y)- \frac{1}{2}(l^{2}+l)T_{3}(y)$
$(l=2,3\grave, \cdots)$ (McFadden, Murray& Boisvert 1990)
, $N$ ($\overline{u},$ $v$ , $\omega_{y}$ .
$N$ ) ${\rm Im}(\overline{\omega_{y0,2,1}})=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$.
$\eta_{i}=f_{i}$ ( $\xi_{1},\xi$2, $\cdot$ .. , $\xi$N-1; $Re,$ $L_{x},$ $L_{z}$ ) $(i=1,2, \cdots, N-1)$ (7)
$\eta_{i}=\xi_{i}$ $(i=1,2, \cdots , N-1)$ . ${\rm Im}(\overline{\omega_{y0,2,1}})$
, , 2, $2\pi/L_{z}$
. $\xi_{i}(i=1,2, \cdot. . , N-1)$
${\rm Im}(\overline{\omega_{y_{0}}},2,1)$ , $\overline{u},$ $v$ , $\omega_{y}$ . -
(7) (3), (4), (5) .
( 2001 ) (7) $f_{\dot{l}}/\partial\xi j$
$(i,j=1,2, \cdot. . , N-1)$ .
(2001) $|$
$\frac{\Sigma_{i=1}^{N-1}(\eta_{i}-\xi_{i})^{2}}{\Sigma_{i=1}^{N-1}\xi_{i}^{2}}<10^{-7}$
. 4,352 ($x,$ $y,$ $z$ 16 $\mathrm{x}17\cross 16$)
. $Re=400$, $(L_{x}, L_{z})=(1.755\pi, 1.2\pi)$





$(L_{x}, L_{z})=(1.755\pi, 1.2\pi)$ (Hamilton, Kim&Waleffe 1995, 2001)
$\mathrm{D}Re$ . 1
, $Re=\ _{\mathrm{S}\mathrm{N}}$ (\simeq 321)
. $Re>Re_{\mathrm{S}\mathrm{N}}$ ( ) (
) . ,
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$\backslash 2$ . $(a)$ 1 $u_{\tau}^{2}/\nu$ $\backslash \backslash (b)\backslash$ $h^{+}$ $J\backslash \circ\backslash$
$L_{z}^{+}$ $\text{ }$ $J$
$\ulcorner\neq$ . $(L_{x}, L_{z})=(1.755\pi, 1.2\pi)$ .
$(Re\simeq 321)$ ,
. $h/U$
$T$ 70 , $\nu/u_{\tau}^{2}$ $T^{+}$ 200 . $T^{+}$
,
$(\approx 400)$
(Jim\’enez et al. 2004)
.
2(a), (b) 1 $u_{\tau}^{2}/\nu$ ( $\nu/u_{\tau}$
) $h^{+}$ , $L_{z}^{+}$
$L_{z}$ ( $L_{x}$) , $Re$ $u_{\tau}$
























$1.7\pi$ 1.8 $\pi$ 1.9 1 $\pi$ 1.05 $n$ 1.1 $\pi$ 1.15 $\pi$
$L_{X}$ $L_{:}$
$\backslash$ 3. $$ $\text{ }$
$\backslash$
$Re_{\mathrm{S}\mathrm{N}}$ $(a)$
$L_{x}$ (b) $L_{z}$ $’\backslash \cdot$ ( a) $L_{z}=1.05\pi$ ( ). $1.09\pi$ $()1.10\pi$ $($










h+( $L_{z}^{+}$ ) , $Re_{\sim}>390$
, $\prod\overline{\mathrm{o}}$
$Re_{\mathrm{S}\mathrm{N}}$ ,
$L_{x}$ $L_{z}$ . , $L_{x}$ $L_{z}$
ResN , $Re_{\mathrm{S}\mathrm{N}}$ $(L_{x}, L_{z})\simeq(1.82\pi, 109\pi)$
$Re\mathrm{S}\mathrm{N}\simeq 291$ [ 3(a), (b) ]. ,
.
$Re\mathrm{s}\mathrm{N}\simeq 291$ $T^{+}\simeq 201$ ,




$Re=300$ $\sim$, $L_{z}$ ( $L_{x}$)
$L_{z}=1.09\pi$ ( $L_{x}$. $=1.82\pi$) , $L_{x}$






$L_{x}^{+}\simeq 154-166$, $L_{z}^{+}\simeq 91-97$
.
$(\approx 100\nu/u_{\tau})$
(Jim\’enez&Moin 1991;Hamilton, Kim&Waleffe 1995) ,
2 $(\approx 200\nu/u_{\tau})$ ,
2







2003) -. 2 $(\approx 200\nu/u_{\tau})$
. ,
, (Waleffe
2003) (Waleffe 2003; Jim\’enez et al. 2004)
$\iota$
RMS $u^{\prime+},$ $v^{\prime+},$ $w^{\prime+}$ $y^{+}$ 5
( $Re_{\mathrm{S}\mathrm{N}}\simeq 291$ ,
$(L_{x}, L_{z})=(1.755\pi, 1.2\pi)$ ( ) $(Re=400)$
( ) $(Re=393)$ . ,









) . 5 RMS






. , $(L_{x}, L_{z})=(1.755\pi, 1.2\pi)$
$Re\leq 400$ ( ) , ( )
, 1 2 4
. $O(10)$ . 6 ,
( ) $Re\mathrm{s}\mathrm{N}\simeq 291$
$[(L_{x}, L_{z})\simeq(1.82\pi, 1.09\pi)]$ ( ) 2
( )







6. $\prime \mathrm{J}\mathrm{a}\text{ }$ $J$
” $\backslash$
$( \mathrm{S}\mathrm{N}\simeq 291)1^{\backslash }$ $\lfloor\sim$
. ( )
. .
, . $(L_{x}, L_{z})\simeq(1.82\pi, 1.09\pi)$ .
1 .
. ,








. $Re\approx 290$ ,
$h^{+}\simeq 27$ , $L_{z}^{+}\simeq 93$ ,
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